Abstract In response to the growing consumer demand for fresh cheese in summer, this investigation was aimed to evaluate the chemical and microbiological characteristics of sheep's milk and cheese produced in Sicily in the hot summer months. A total of 810 bulk milk samples collected from 17 farms rearing ewes of the Valle del Belice breed were analysed for chemical composition, somatic cell count, total bacterial count and clotting parameters. Samples (n=18) of Protected Designation of Origin Vastedda della valle del Belice cheese produced in six dairies were collected in summer, autumn and spring and analysed for chemical composition, microbiological profile and fatty acid (FA) composition. Univariate and multivariate analyses were performed to assess variations by season. Sheep's milk produced in the summer had higher fat and casein contents, less lactose and urea and slightly higher total bacterial count and, similar to milk produced in winter, had a weaker clotting ability. Vastedda cheese produced in spring had less thermophilic lactococci and a high rumenic acid content. Cheese produced in summer had more fat; less saturated FA; and more linoleic acid, monounsaturated FA and omega-3 polyunsaturated FA. A dual approach to data analysis revealed a strong influence of production season on bulk milk and Vastedda cheese characteristics due to climate conditions and ewes' feeding regimen. Although this study provides evidence of the good nutritional properties of summer sheep's cheese, management and feeding strategies could aim to further improve the quality of milk and cheese produced in the summer months.
Introduction
In farming systems based on grazing pasture, milk production frequently depends on climatic conditions and meteorological events that influence the quantity and quality of the pasture (Pulina et al. 2006) . Accordingly, in Sicily, the production of sheep's milk varies greatly throughout the year, essentially linked to the seasonal availability of grazed forage, on which periods of mating activity and lambing in turn depend.
Indeed, Sicilian sheep farming systems are based mainly on the extensive use of pasture, the availability and quality of which differ by season: pasture forages are green from October to mid-May, show maximum vegetative growth in spring corresponding to the more intense grazing activity and dry up in summer.
Nevertheless, sheep generally graze throughout the year (Bonanno et al. 2005) . From November to June, grazing occurs on natural pastures, field crops at rest, meadows and swards of various species in pure or mixed culture. Often forage crops are grazed from December to March and then left undisturbed to devote their regrowth to hay. In summer, from July to September, crop residues, especially the stubble of threshed cereals, are the only grazed resources. When the available forage cannot meet ewes' need for fibre, the ewes receive a supplement of hay and/or straw. A farm or commercial concentrate (400-800 g.day ) is provided to ewes in early lactation (<100 days in milking) and at the end of pregnancy (<20 days).
The mating of Sicilian sheep traditionally begins in spring when pastures have the maximum available forage biomass. The main lambing period is thus in September and October, and a second lambing period occurs in winter, generally from December to February.
However, in some Sicilian environments, despite seasonal fluctuations in pasture feeding resources, the lambing distribution of sheep is less seasonal, because ewes mate in different periods of the year. This is the case in the valley of the Belice River, on the border of the Agrigento, Trapani and Palermo provinces, where the Valle del Belice breed originated and continues to be reared. Among Sicilian sheep breeds, the Valle del Belice produces the most milk (Giaccone et al. 2004) , and this is the reason for its growing diffusion, which is in response to reductions in the number of heads of other breeds. In addition, lambing of Valle del Belice ewes takes place throughout the year, although most births occur in August (rather than September/October as for other Sicilian breeds) and then again in December and January (Giaccone et al. 2004 ). This lambing distribution results in a continuous production of milk throughout the year. However, the most milk is produced in spring, because of the abundant forage of pastures, and the least is produced in the summer months, when it is mostly given by ewes lambing from December to May and grazing mainly on crop residue supplemented with hay.
These characteristics of the Sicilian environment, and the presence of breeds able to produce milk throughout the year, enable producers to meet the strong demand for fresh sheep's cheese in the summer months, especially in hightourist areas.
As changes in the quality of dairy products result from many factors, including the seasonal climate and nutrition, the aim of the present study was to investigate characteristics of the quality of sheep's milk and cheese produced from Valle del Belice ewes in the hot summer season (June-August) by analysing its differences from milk and cheese produced during other seasons.
Material and methods

Milk quality
Seasonal variation in the quality of bulk sheep's milk was monitored for two consecutive years in 17 farms located in different areas of central-western Sicily and rearing Valle del Belice ewes: ten farms in the area of origin (four in Santa Margherita di Belice, two in Montevago, two in Sambuca di Sicilia and two in Menfi, in the province of Agrigento) and seven farms outside the area (three in Cammarata in the province of Agrigento; one in Lercara Friddi, one in Corleone, one in Godrano and one in Santa Cristina Gela, in the province of Palermo).
During the 2 years of the investigation, 810 samples of bulk milk were collected fortnightly immediately after the morning milking. After using a HI 9025 pH-meter (Hanna Instruments, Ann Arbor, MI, USA) to determine pH, the samples were transported at 4°C, without the addition of preservatives, to the milk laboratory at the Istituto Zooprofilattico Sperimentale della Sicilia 'A. Mirri'. Within 6 h of collection, samples were analysed for determination of lactose and fat (IDF 1990) and somatic cell count (SCC; IDF 1995) by the infrared method (Combifoss 6000, Foss Electric, Hillerød, Denmark); total bacterial count (TBC) by BactoScan instrument (Foss Electric); total nitrogen (TN), non-casein nitrogen (NCN) and non-protein nitrogen (NPN; IDF 1964a IDF , 1993 , from which protein (TN × 6.38), casein ((TN-(NCN×0.994))×6.38) and whey protein ((NCN-NPN)×6.38) were calculated; freezing point using an Astor Cryoscope 4000 SE; titratable acidity by the SoxhletHenkel method (°SH.100 mL −1 ); urea by the enzymatic method using the difference in pH (CL-10 Plus, Eurochem, Roma, Italy); and milk clotting ability by measuring, according to Zannoni and Annibaldi (1981) , the clotting time (r, min), curd firming time (k 20 , min) and curd firmness after 30 min (a 30 , mm) of 10 mL milk at 35°C with 0.2 mL of a diluted solution (1.6:100) of rennet (1:15,000; Chr. Hansen, Parma, Italy), using the Formagraph (Foss Electric).
Cheese quality
Eighteen samples of protected designation of origin (PDO) Vastedda della valle del Belice cheese produced in six different dairies in three seasons (summer (June), autumn (November) and spring (April)) were analysed. PDO Vastedda della valle del Belice is a Sicilian pasta filata sheep's cheese made from raw milk without starter addition and is traditionally consumed fresh, a few days after manufacture. The details of its production have been reported by Mucchetti et al. (2008) .
Samples of the cheese were analysed for dry matter (DM), fat, protein (TN×6.38), ash and NaCl content according to IDF standards (4A (IDF 1982) , 5B (IDF 1986 ), 25 (IDF 1964b ), 27 (IDF 1964c ) and 17A (IDF 1972 , respectively).
For microbiological analyses, samples were homogenised in a sodium citrate (2%, w/v) solution (cheese/diluents, 1:9) by means of a stomacher (Laboratory Blender Stomacher 400, Seward, Worthing, England) for 2 min at the highest speed. Further decimal dilutions were prepared in Ringer's solution (Oxoid, Milan, Italy) . Cell suspensions were plated and incubated as follows: total mesophilic count on plate count agar plus 1 g.L −1 skimmed milk, incubated aerobically at 30°C for 72 h; mesophilic rod lactic acid bacteria (LAB) on de Man-Rogosa-Sharpe agar, acidified at pH 5.4 with lactic acid (5 M), incubated anaerobically at 37°C for 72 h; mesophilic coccus LAB on M17 agar, incubated anaerobically at 30°C for 72 h; thermophilic coccus LAB on M17 agar, incubated anaerobically at 44°C for 72 h; and enterococci on kanamycin aesculin azide agar, incubated aerobically at 37°C for 24 h. All media were purchased from Oxoid. Microbiological counts were performed in triplicate.
Fatty acids (FAs) in lyophilised cheese samples (100 mg) were methylated directly with 2 mL 0.5 M NaOCH 3 at 50°C for 15 min, followed by 1 mL 5% HCl in methanol at 50°C for 15 min (Loor et al. 2002) . Fatty acid methyl esters (FAMEs) were recovered in hexane (1.5 mL). Then 1 μL of each sample was injected by autosampler into an HP 6890 GC system equipped with a flame ionisation detector (Agilent Technologies, Santa Clara, CA, USA). FAMEs from all samples were separated using a 0.25-μm fused Mega10 capillary column 100 m in length with a 0.25-mm internal diameter (CP-Sil 88; Chrompack, Middelburg, The Netherlands). The injector temperature was kept at 250°C and the detector temperature was kept at 240°C with an H 2 flow of 40 mL.min −1 , an air flow of 400 mL.min −1 and a constant helium makeup flow of 45 mL.min −1 . The initial oven temperature was held at 70°C for 1 min, increased 5°C/min to 100°C (held for 2 min), then increased 10°C.min −1 to 175°C (held for 40 min) and 5°C.min −1 to a final temperature of 225°C (held for 25 min). Helium was the carrier gas, with a head pressure of 23 psi and a flow rate of 0.7 mL.min −1 (linear velocity=14 cm.s −1 ). FAME hexane mix solution C4-C24 (Supelco, Bellafonte, PA, USA) was used to identify each FA. Isomers of conjugated linoleic acid (CLA) were identified using a commercial mixture of cis-and trans-9,11-and 10,12-ocdecadienoic acid methyl esters (Sigma-Aldrich, Milano, Italy). Total FA was quantified using C23:0 (Sigma-Aldrich) as an internal standard, which was added to each sample at a concentration of 4 mg.g −1 lyophilised cheese. The Health Promoting Index was calculated as suggested by Chen et al. (2004) : total unsaturated FA/(C12:0+(4×C14:0)+C16:0).
Statistical analysis
The GLM and CANDISC procedures of SAS Version 9.2 (SAS 2010) were used for the statistical analysis.
Milk quality was analysed using the GLM procedure for both month of sampling and season of production, considering herd (1-17), year of production (two levels) and month of sampling (11 levels: July and August were combined because of the small number of observations) or season of production (summer: June (64), July (44) and August (6); autumn: September (39), October (81), November (87) and December (78); winter: January (80), February (81) and March (77); and spring: April (77) and May (96)) as fixed factors. SCC and TBC were transformed into logarithmic form (log 10 ).
The least square means (LSM) for the month of sampling were used to describe the trend in milk quality. The GLM procedure for cheese quality data considered two factors: season (autumn, spring and summer) and dairy (1-6). The LSM were compared using Student's t test.
Then, to ascertain the discriminant effect of the season of production on cheese quality, microbiological, chemical and FA parameters were analysed with a multivariate approach by canonical discriminant analysis.
Results and discussion
Milk quality
The season of production significantly affected all quality traits of milk from the Valle del Belice ewes (Table 1) .
The milk SCC was high in all seasons, which is typical for Sicilian breeds. Levels decreased in spring, especially in May (Fig. 1a) , but higher levels were observed in several months, including July and August. The TBC, which reflects the hygienic condition of the milk production environment, was around 500,000 CFU.mL
; it was significantly higher in summer, especially in June, and lower in spring, although in a limited extent (Table 1 ; Fig. 1a ). The increase in SCC from spring to summer can be explained by a concentration effect due to the lower milk yield at the end of lactation, in accordance with Morgante et al. (1996) and Bianchi et al. (2004) . However, it may also be due to heat stress provoked by high environmental temperatures, in accordance with other authors (Finocchiaro et al. 2007; Peana et al. 2007; Di Grigoli et al. 2009 ). In addition, the slight increase in TBC can be explained by the higher environmental temperatures in summer, which result in faster multiplication of microorganisms (Albenzio et al. 2002) .
The milk's fat content was significantly higher in summer but markedly reduced in spring (Table 1) . Monthly levels of fat showed a decreasing trend from January to April, and then rose rapidly until reaching a maximum value in July/August (Fig. 1b) .
By contrast, the percentage of lactose was lower in summer (Table 1) and varied slightly as a function of month (Fig. 1b) . Protein, casein and whey protein contents were higher in samples of summer and winter milk (Table 1) . The highest values were recorded in July and August, and then in December and January (Fig. 1b, c) .
Therefore, in July/August, milk showed an increase in fat, protein, casein and whey protein and a reduction in lactose. Given that in these months most ewes are in an advanced phase of lactation, these variations can be linked to the progression of lactation, which is characterised by a gradual reduction in milk yield, resulting in a concentration of milk components (Fuertes et al. 1998; Sevi et al. 2000 Sevi et al. , 2004 Jaramillo et al. 2008) . The ewes' diet at pasture in the summer period, which was based on dry and fibrous forage, was also responsible for the increased milk fat level (CappioBorlino et al. 1997) . Moreover, the reduction in lactose, which occurs as lactation progresses (Sevi et al. 2004 ), may be due to a worsening of udder health (Sevi et al. 1999) , as a progressive deterioration of ewe udder health in late lactation has been documented (Fthenakis 1994) . Lactose is the main osmotically active component in milk, and its content remains substantially unchanged during lactation in healthy animals. However, in animals with mastitis (even subclinical mastitis), lactose synthesis decreases and lactose is partially substituted as an osmotic component of milk by other elements, primarily chlorides (Kalantzopoulos 1994) .
Milk urea content was higher in winter and lower in summer (Table 1 ). In general, it showed a gradual decrease from December/January to July/August and September, when the lowest urea levels were reached, and then rose again (Fig. 1d) . Milk urea reached higher than 35 mg.dL , considered an acceptable level for dairy ewes (Cannas et al. 1998) , from November to April. The major determinants of urea formation are the amount of daily crude protein intake and the dietary ratio of crude protein to energy. A relationship between milk urea and dietary crude protein has been found in dairy cows (Schepers and Meijer 1998; Jonker et al. 1999; Nousiainen et al. 2004) , ewes (Cannas et al. 1998 ) and goats (Bonanno et al. 2008) , and thus milk urea is considered a fundamental nutritional tool for ruminant species. In this investigation, the increase in milk urea observed from November to April can be linked to the availability of young pastures, which are particularly abundant in spring, and which are rich in crude protein that is often not well balanced by an energy supplement. In contrast, a reduction in milk urea occurred in summer, when ewes graze on dry forage characterised by a low crude protein content.
Milk pH changed little throughout the year (Fig. 1e) , although it was lower in summer and spring (Table 1) . By contrast, titratable acidity was significantly higher in September and October (Fig. 1e) , contributing to an increased average value in autumn (Table 1) . This result can be explained by the large number of ewes lambed in August that were thus in early lactation, a phase characterised by higher milk acidity than successive phases of lactation (Pulina and Nudda 2002) . The freezing point showed slight but significant differences by season.
On the whole, the coagulation properties of milk improved in spring, when a lower coagulation time (r) was associated with rapid curd firming (k 20 ) and high curd consistency (a 30 ). Furthermore, the trend for milk clotting parameters showed that curd firming time (k 20 ) did not fluctuate markedly, although milk produced in the summer and winter months had worse coagulation properties because of an increase in clotting time (r) and a reduction in curd firmness (a 30 ; Fig. 1f) . However, the rennet reactive milk samples were significantly lower in summer and winter than in the other seasons (Table 1) .
With regard to summer, these results are in agreement with the decrease in cheesemaking efficiency observed in late lactation by Pulina et al. (2006) . However, the worsening of milk clotting ability could be due to the increased SCC detected in July and August as an effect of both late lactation and heat stress. Some endogenous proteolytic enzymes, including plasmin, cathepsin D and elastase, are secreted from somatic cells and are active in the disruption of intact casein, thus impairing milk coagulation properties and reducing cheese yield (Albenzio et al. 2009 ).
Ultimately, the present results confirm how the season greatly affects the quality of milk produced by sheep fed mainly at pasture for most of the year, as are these Valle del Belice ewes. In addition, these results show how the quality of summer milk is different from that of milk produced in other seasons as a consequence of climatic and nutritional conditions, stage of lactation and lambing distribution (Carta et al. 1995; Maria and Gabina 1993; Matutinovic et al. 2011; Sevi et al. 2004 ). However, although summer saw an increase in SCC and TBC levels and a reduction in clotting ability, it also saw improved fat and casein levels, which are particularly relevant for sheep's milk that is destined to for cheese-making. Table 2 shows the LSM for the microbiological profile of PDO Vastedda della valle del Belice cheese by season of production. The cheese showed significant differences in the amount of thermophilic lactococci only, such that cheese produced in spring had lower values than cheese produced in the other seasons. All cheese was high in LAB, and the slight variations observed by season could be related to differences in indigenous endogenous and exogenous microflora of each specific condition of production, especially the environmental temperature. The LSM of chemical parameters of the Vastedda cheese are shown in Table 3 . The cheese differed only in terms of fat percentage, which was significantly higher in the Vastedda cheese produced in summer. No statistically significant difference was found for the percentages of protein, salt or ash. The higher fat in summer cheese is certainly linked to the higher percentage of fat observed in summer milk, in turn a result of milk concentration in late lactation and the high level of fibre in the ewes' diet.
The FA composition of cheese fat differed significantly by season (Table 4) . The data showed an immediate difference in Vastedda cheese produced in summer from cheese produced in the other seasons. The summer cheese had less saturated FA (SFA), especially C10:0, C12:0 and C14:0, than cheese produced in the other seasons. Monounsaturated FA (MUFA) was higher in both summer and autumn cheese because of the increased amount of oleic acid (C18:1 c9). No difference was found for the total amount of polyunsaturated FA (PUFA), although it was higher in summer than in the other seasons. However, the summer cheese was higher in linoleic acid (C18:2 n-6), which contributed to an increase in the omega-6/omega-3 ratio despite the higher amounts of omega-3 PUFA, such as EPA, DPA and DHA, a finding that is of particular interest from a nutritional point of view. The amount of rumenic acid (RA; C18:2 c9 t11), the most abundant of the CLA isomers, was statistically higher in Vastedda cheese produced in spring than in Fig. 2 Cheese distribution by production season using the canonical 1 and canonical 2 discriminant functions. SU Summer, AU Autumn, SP Spring cheese produced in the other seasons. As for the Health Promoting Index, which expresses the health value of dietary fat (Chen et al. 2004) , higher values were found in the summer cheese.
Therefore, the season of production had a marked effect on cheese FA composition. The higher RA content in cheese produced in spring reflects the strong effects of the green pasture in the ewes' diet in this season (Cabiddu et al. 2005; Dewhurst et al. 2003; Nudda et al. 2005) . In general, when the amount of green forage increases in the diet of ruminants, the high α-linolenic acid (C18:3 n-3) content is partly biohydrogenated into vaccenic acid (VA, C18:1 t11) and partly absorbed by the intestine and secreted into the milk. Furthermore, VA is partly converted into RA in the mammary gland by the Δ-9 desaturase enzyme (Antongiovanni et al. 2003; Bauman et al. 2006) . RA has beneficial effects on human health that, because of its cytotoxic action against several tumour cell lines, mainly contribute to preventing the occurrence of tumours (Parodi 1999; Banni et al. 2002) . RA also has antioxidant and antiatherogenic properties and is involved in the control of diabetes, osteogenesis, obesity and immune function (Banni et al. 2002) .
As regards the summer cheese, it was lower in SFA, especially in medium-chain SFA (C12:0 and C14:0), which tends to increase cholesterol and LDL in humans (Hornstra 1999; Hu et al. 2001 ). Although the total amount of PUFA did not differ significantly by season, the summer cheese was particularly high in linoleic acid (C18:2 n-6) and thus in the omega-6/omega-3 ratio. As the FA profile of wheat grains comprises more than 57% linoleic acid (Nikolić et al. 2008) , this result can be due to a greater intake of remaining grains by ewes grazing in the residues of wheat crops after threshing. However, with regard to linoleic acid, a lower rate of biohydrogenation, linked to variations in the rumen environment, can also play a role (Chilliard et al. 2001) .
Moreover, the increase in MUFA, especially oleic acid (C18:1 c9), observed in the summer and autumn cheese was unexpected and was presumably a result of the mobilisation of long-chain FA, particularly oleic acid, from the body fat deposits of the ewes (Chilliard et al. 2003) . The purpose of this mobilisation is to balance the energy deficits that ewes incur more frequently in summer and autumn, when the feeding regime may not be sufficient to satisfy their energy needs.
On the whole, these results reveal that the FA profile of cheese produced in summer, when ewes are fed without green forage, maintains some beneficial properties for human health, as confirmed by the higher Health-Promoting Index.
Data on the cheese were also analysed using a multivariate approach. Canonical discriminant analysis, performed simultaneously on microbiological, chemical and FA composition, clearly differentiated the Vastedda cheese produced in the different seasons. A plot of the first canonical variable (y-axis) and the second canonical variable (x-axis) showed the cheese produced in summer at the bottom, that produced in autumn in the centre, and that produced in spring at the top (Fig. 2) . However, the Mahalanobis distance between the centromeres of the point clouds was statistically significant only for cheese produced in summer and spring (Table 5 ). The canonical correlation coefficients (Table 6) showed that this distinction was mainly due to the first canonical variable, which explained 86% of the variance, especially for the negative correlation with MUFA and thermophilic lactococci and the positive correlation with SFA, which confirms the effects of the ewes' feeding regime and the environment of milk production and cheese manufacture in determining cheese quality. With regard to the second canonical variable, which explained only 14% of the variance, the total mesophilic count (negatively related) and the fat and protein content (positively related) contributed more than the other constituents, with higher correlation coefficients.
Conclusions
The results of this investigation show the change in the quality of milk from Valle del Belice ewes over the year, as is typical in farming systems based on grazing pasture, and the characteristics of milk and cheese produced in summer compared with that produced in the rest of the year.
Summer milk had higher fat and casein contents, which are relevant for cheese yield. The higher TBC level and weaker clotting ability did not prevent the milk from being used in the processing of cheese during the summer. In addition, the FA profile of the summer cheese was beneficial for human health because of the lower SFA content and the increased MUFA, linoleic acid and omega-3 FA.
These results support the production of summer cheese, especially PDO Vastedda della valle del Belice cheese, from the milk of Valle del Belice ewes. However, adequate management and feeding regimes must aim to prevent the effects of heat stress and nutritional deficiencies to further enhance the yield and quality of milk and cheese produced in the hot summer months.
